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(54) Steel cord with polymer core 

(57) The invention relates to a composite cord (10) 
for reinforcement of elastomers comprising a core (12) 
of a high polymer material, a first layer of steel filaments 
(1 4) twisted around said core and a second layer of steel 
filaments (16) twisted around said first layer 



The polymer material is present in a sufficient vol- 
ume to create gaps between adjacent filaments of the 
first layer and possibly also between the filaments of the 
second layer. 

The composite cord is characterised by a de- 
creased fretting of the steel filaments. 
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Description 

Fieid of the invention. 

5 [0001] The present invention relates to a composite cord for the reinforcement of elastomers such as rubber, for 
example used for tires, conveyor belts and hoses. 

Background of the invention. 

10 [0002] Steel cords and more particular compact cords are widely known. They are used for the reinforcement of 
rubber articles. 

In a compact steel cord the composing steel filaments have the same twisting direction and the same twisting step. 
The filaments of a compact steel cord have line contact with adjacent steel filaments. Both steel cords and compact 
cords have the drawback that the surface of the core filament can be damaged by fretting. This damage can be con- 
15 stderably high. The fretting is not limited to the core filaments, also the filaments arranged around the core filament 
suffer from fretting. 

[0003] In the conventional cord a single filament is wrapped around said cord. This type of cord features the disad- 
vantage that the wrapping filament causes fretting on the filaments of the outer layer 

EP 0 627 520 provides a wrapless compact steel cord, whereby the outer filaments fulfil the function of the wrapping 
20 filament. However, these outer filaments exercise a great pressure on the core filament. This results in fretting on the 
core filament and thus in a considerable damage of this core filament. 

[0004] Another known disadvantage of steel cords with a core and filament layers, and more particularly of compact 
cords, is that they suffer from core migration. Core migration is the slipping out of the filaments of the cord due to 
repeated bends. 

25 

Summary of the invention. 

[0005] It is an object of the present invention to provide a composite cord which avoids the drawbacks of the prior art. 
It is also an object to reduce the fretting of the core filament and to reduce the fretting of the filaments arranged around 
30 the core filament. 

[0006] It is a further object to provide a composite cord with an improved stability of the cord structure. With an 
improved stability of the cord structure is meant a better and more stable distribution of the filaments over the cord. 
It is also an object to avoid core migration. 

It is still another object of the invention to provide a composite cord with an increased life time. 
35 [0007] According to one aspect of the invention, there is provided a composite cord for reinforcement of elastomers 
comprising a core of a high polymer material. A first layer of steel filaments is twisted around said core and a second 
layer of steel filaments is twisted around said first layer. 

In another embodiment, all filaments of the first and the second layer have the same twisting step. In still a further 
embodiment, all filaments of the first and second layer have not only the same twisting step but also the same twisting 
40 direction. 

[0008] Since the core filament consists of a polymer material, there is no fretting on the core filament. 
Core migration which is a considerable drawback of the prior art steel cords is by that also avoided. 
[0009] In a preferred embodiment the polymer material is present in a sufficient volume to create gaps between the 
filaments of the first layer. In such an embodiment there is no direct contact between the steel filaments of the first 
45 layer. This results in a considerable reduction of the degree of fretting between the filaments of the first layer. 

[0010] Preferably, the gaps between adjacent filaments of the first layer have an average size of 0.002 mm. More 
preferably the average size of the gaps is at least 0.004 mm. 

By average size of the gaps is meant the average size of all gaps between adjacent filaments of the first layer over 
50 the entire length of the cord. Occasionally, some cross-sections may have gaps that are less than the average size. 

[0011] The size of the gaps can be expressed in terms of the theoretical diameter of the central core d, the diameter 
of the filament of the first layer D and the number of filaments in the first layer n, according to the following equation : 

55 1 ftn ° 

a = (d + D)sin - D 

By theoretical diameter of the central core of the cord is meant the diameter of the best fitting circle in the hole created 
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by the steel filaments of the cord. 

[0012] In another embodiment, the volume of the polymer core is chosen in order to create gaps not only between 
adjacent filaments of the first layer but also between adjacent filaments of second layer. 

[0013] The presence of gaps between the steel filaments is important since it allows the penetration of the elastomer 
5 compound to the steel filaments up to the core of the cord. 

[0014] Different types of organic filaments can be used as core material To avoid the melting of the polymer material 

during a preheating or during vulcanisation, the melting point of the used polymer must be sufficiently high. Preferably, 

the melting temperature of the polymer material is higher than 140 °C but lower than the vulcanisation temperature. 

Such polymers only melt partially during the preheating; a completely flowing out is nevertheless avoided. 
10 [0015] The polymer core comprises filaments of a high polymer. The filaments may be fused or twisted. 

Suitable filaments are polyamid filaments, polyester filaments, polyethylene filaments or any strong filaments. Suitable 

polyamid filaments are for example nylon 6 or nylon 6.6. 

Polyester has the advantage that it is characterised by a low adsorption of humidity 

It has been shown that a core comprising several high performance polyethylene fibers is very suitable. These fibers 
is have a tensile strength of more than 2GPa, for instance 3GPa. These super strong polyethylene fibers preferably have 
a macromolecular orientation of more than 85 %, more preferably the macromolecular orientation is greater than 90 
%. The level of crystal linity of the polyethylene is preferably more than 80 %, for instance 85 %. 
These fibers are known as Dyneema®. 

[0016] The diameter of the polymer core is chosen so that the above mentioned minimum size of the gaps between 
20 adjacent filaments of the first layer is obtained. 

[0017] The polymer filaments may be dipped in order to reach a good adhesion between the elastomer compound 
and the polymer. 

[0018] Depending on the type of polymer that is used and depending on the diameter of the polymer core, different 
embodiments can be realised. 

2S [0019] In a first embodiment a polymer with a melting temperature higher than the vulcanisation temperature is used 
as core. A polymer with such a high melting point is for example polyester. Because of the high melting temperature 
of the polymer, the polymer material does not flow out during the heating. 

[0020] The diameter of the polymer core is chosen so that the filaments arranged around the core in a first layer do 
not touch each other. 

30 [0021] In a second embodiment a polymer with a melting point higher than 140°C but lower than the vulcanisation 
temperature is used. During vulcanisation the polymer material flows out. The amount of polymer is chosen so that 
the material fills the central hole created by the filaments of the cord completely and the gaps between adjacent filaments 
of the first layer at least partially. The filaments of the first layer are thus at least partially embedded in a viscous or 
viscoelastic matrix. In this way the polymer material forms a kind of a cushion. An average gap size between adjacent 

35 filaments of the first layer of at least 0.002 mm is obtained, this means that the filaments have no direct contact with 
each other. Occasionally, the gap size can be less than the desired average gap size and in some exceptional cases 
there can be a cross-section where some filaments have contact with each other. But even in the latter situation, the 
average gap size is at least 0.002 mm. 

Because the partial embedment of the filaments in the polymer matrix and because there is no direct contact between 
40 adjacent filaments, there is a considerable improvement of the fretting characteristics of the filaments of the fist layer. 
A composite cord according to the above described embodiment further features the advantage that the stability of the 
cord type is improved. 

[0022] In a further embodiment, after vulcanisation the polymer material does not only fill the central hole of the cord 
and the gaps between adjacent filaments of the first layer completely, but the amount of polymer is chosen so that after 
45 flowing out of the polymer material, the polymer material has contact with the second layer of filaments. At least half 
of the number of the filaments of the second layer, i.e. the filaments which are situated between two filaments of the 
first layer, has contact with the polymer material. 

[0023] This further reduces the fretting of the filaments, not only of the filaments of the first layer, but also of the 
filaments of the second layer. 

so [0024] Possible constructions of cord types are C+6+12, C+8+12, C+8+13, C+9+15. In this notation C is the high 
polymer core. For compact cords, the number of filaments in the first layer is preferably 5, 6 or 7. The number of filaments 
in the second layer is preferably the double of the number of filaments in the first layer. Preferable constructions for 
compact cords are constructions of the type C+1 5, C+1 8 and C+21 . 

[0025] Th composite cords are preferably wrapless cords. The filam nts of the second layer exercise a fore which 
55 is direct d radially inward. In this way the filaments of the outer layer fulfil the function of the wrapping filament of a 
conventional steel cord. 

This radially inward directed force of the outer layer filaments can be realised in different ways. 

A first way to realise this is to provide the outer layer filaments with residual torsions which tend to close the steel cord. 
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A second way to exert a force which is directed radially inward is to preform the outer layer filaments in such a way 
that the preforming ratio is smaller . than or equal to one hundred percent. The preforming ratio of a particular filament 
is defined as the ratio of the diameter of the helicoid of the disentangled filament to the diameter of the helicoid of the 
filament in the cord. 

5 A third way to exert a force which is directed radially inward is to put the outer layer filaments in the steel cord under 
a tensile force. 

The outer layer filaments are put under a tensile force in the steel cord, if after careful disentangling of the outer 
filaments, the twist pitch of the disentangled outer filaments is smaller than the twist pitch of the steel cord. 
Also combinations of the three above described ways are possible in order to realise a radially inward directed force 
io of the outer filaments. 

[0026] The way of manufacturing such a wrapless steel cord is disclosed in EP 0 627 520. Such kind of steel cord, 
however, suffers from fretting of the core filaments since there is a great pressure on this core filaments by the outer 
filaments . 

Brief description of the drawings. 

[0027] The invention will now be described into more detail with reference to the accompanying drawings wherein 
FIGURE 1 and FIGURE 2 show cross-sections of composite cord constructions according to the present invention. 

20 

Description of the preferred embodiments of the invention. 

[0028] Referring to figure 1 , a composite cord 10 according to the present invention comprises a high polymer cor 
12 and eighteen steel filaments 14, 16 arranged around this core. The high polymer core comprises polyethylene 
25 filaments. Six of these filaments 14 are twisted around the core in a first layer, the other twelve filaments 16 are twisted 
around the first layer of filaments. 

The theoretical diameter of the central core of the cord is 0.20 mm. The diameter of the steel filaments equals 0.175 
mm. All the steel filaments have a lay length of 10.0 mm. Between adjacent filaments of the first layer, there are gaps 
with an average size of 0.01 25 mm. During vulcanisation the core material flows out and fills at least partially the gaps 
30 between the filaments of the first layer. In this embodiment the filaments of the first layer are partially embedded in the 
polymer material of the core. 

The diameter of the high polymer core must be at least 0.235 mm in order to obtain this partially embedment of the 
filaments of the first outer layer. This required minimum diameter can be calculated by applying the following equation : 

35 

. / . 0 n.AA 
d c = V d2 + 0785 



40 



45 



with 



d : 
n : 
AA : 



the diameter of the polymer core 

the theoretical diameter of the core of the cord 

the number of filaments in the first outer layer 



(d + D) 2 .sin a - 2n. ~- - D 2 ^1 - ? j 



D : the diameter of the filaments of the first outer layer 

so a ■ ^SQl 
n 

[0029] Figure 2 shows the cross-section of another embodiment of a composite cord 1 0. The high polymer core 12 
comprises super strong polyethylene filaments. The macromolecular orientation of the polymer is 90 % and the level 
of crystallinity is 85 %. 

55 Eighteen steel filaments are twisted around the core. Six of these filaments 14 are arranged in a first layer around th 
core, the other twelv filaments 16 are twisted in a second layer around the first layer. The theoretical diameter of th 
core of the cord is 0.20 mm. The diameter of the steel filaments equals 0.175 mm. All filaments have a lay length of 
10.0 mm. The average gap between adjacent filaments of the first layer is 0.0125 mm. There are also gaps between 
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10 



15 



20 



adjacent filaments of the second layer. The average size of these gaps equals 0.003 mm. 

During vulcanisation the core material flows out till it has contact with the filaments of the second layer. The polymer 
material fills the central hole of the filaments of the cord and the gaps between the filaments of the first layer completely 
and has contact with half of the filaments of the second layer. In this embodiment the filaments of the first layer are 
almost completely embedded in the polymer material. The required diameter of the high polymer core to obtain such 
an embodiment for this type of cord is at least 0.263 mm. 

[0030] Two types of composite cord according to the present invention have been subjected to a conventional endless 
belt test. 

The first type of composite cord comprises a high polymer core of super strong polyethylene fibers and 1 8 steel filaments 
with a diameter of 0.175 mm twisted around the core. The theoretical diameter of the central core of the filaments of 
the cord is 0.21 mm. 

The second type comprises polyester filaments as high polymer core and 18 steel filaments twisted around the core. 
The theoretical diameter of the central core is 0.22 mm and the diameter of the steel filaments equals 0.1 75 mm. 
These two composite cords are compared with a conventional compact cord of the type 0.20 + 18 x 0.175. 
[0031] The breaking load of the filaments of the different types of cords is measured before and after the carrying 
out of an endless belt test. The results of the test are summarised in table 1 . Column 3 shows the loss in breaking load 
of the filaments after carrying out the endless belt test, expressed as percentage. 

[0032] The filaments of the different tested cord types are also subjected to a bending fatigue test before and after 
the endless belt test. The number of cycles before fracture is measured. This bending fatigue test is carried out with 
an axial load of 9B0 g. 

Column 4 of table 1 shows the percentage reduction in the number of cycles after the carrying out of an endless belt test. 



Table 1 



Cord type 


Filament 


Loss of breaking load 
(%) 


Reduction in the number of 
cycles (%) 


Compact cord 0.20+18x0.175 


C 


12.3% 


51.7% 


O 


11.7% 


31 % 


Composite cord Typel: 
0.21+18x0.175 


O 


0.8 % 


13% 


Composite cord Type2: 
0.22+18x0.175 


o 


5.0 % 


17% 


C = core filament 
0 = steel filament 
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[0033] From this it appears that the filaments of a composite cord according to the invention have a higher breaking 
load than the filaments of a conventional compact cord after the carrying out of an endless belt test. 
[0034] The number of cycles of the bending fatigue test that can be performed after the endless belt test is consid- 
erably higher for the composite cords in comparison with a conventional compact cord. 

[0035] Table 2 shows the main characteristics of the two types of the above described composite cords compared 
with a conventional compact cord. 



45 



50 
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Table 2 



Property 


Construction type 


Compact cord 


Composite cord (type 1) 


Composite cord (type 2) 


Linear density (g/m) 


3.77 


3.53 


3.57 


Breaking load (N) 


1340 


1303 


1251 


Tensile strength (N/mm 2 ) 


2794 


2903 


2890 


Total elongation (A t %) 


2.75 


2.90 


2.99 


Core migration (4 point bending test) 


yes 


no 


no 



[0036] It is clear from the results of table 2 that the mechanical characteristics of the composite cord according to 
the invention are very similar with the characteristics of a conventional compact cord. 
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[0037] A steel cord and more particular a composite cord has to posses several features in order to be adapted for 
the reinforcement of elastomers. The steel filaments of the cord have a diameter ranging from 0.05 mrn to 0.80 mm, 
preferably the diameter of the filaments lies in the range of 0.05 to 0.45 mm. 

A typical steel composition for the filaments is a composition having a carbon content ranging from 0.70 % to 1 .20 %, 
s a manganese content ranging from 0.1 0 % to 1 .1 0 %, a silicon content ranging from 0.10 % to 0.90 % and a maximum 
sulfur and phosphorus content of 0.15%. Preferably, the sulfur and phosphorus content is limited to 0.01 0 %. Elements 
such as chromium, copper and vanadium can be added, chromium up to 0.20 till 0.40 %, copper up to 0.20 % and 
vanadium up to 0.30 %. All concentrations are expressed in weight percentages. The steel filaments are usually pro- 
vided with a coating which promotes the adherence of steel wire to the elastomer compound. A copper alloy coating 
10 such as brass (either with a low or a high copper content) or a complex coating such as a Ni/brass, a brass/Co, a Zn/ 
Co or a Zn/Mn alloy can be used. A bifunctional organic coating such as a coating comprising silane compounds is 
also suitable. The thickness of the coating ranges preferably from 0.15 to 0.35 ujn. 

Depending upon its composition, its diameter and upon the degree of drawing the tensile strength of the filaments may 
range from 2000 MPa until 4000 MPa or even more. 

15 

Claims 

1. A composite cord (10) for reinforcement of elastomers comprising a core (12) of a high polymer material, a first 
20 layer of steel filaments (14) being twisted around said core and a second layer of steel filaments (16) being twisted 

around said first layer. 

2. A composite cord according to claim 1 , whereby said filaments of the first layer and second layer (14,16) all have 
the same twisting direction and the same twisting step. 

25 

3. A composite cord according to claim 1 or 2, whereby said polymer material is present in a sufficient volume to 
create gaps between adjacent filaments of the first layer. 

4. A composite cord according to claim 3, whereby said gaps have an average size of at least 0.002 mm. 

30 

5. A composite cord according to anyone of claims 1 to 4, whereby said polymer is present in a sufficient volume to 
fill after a heat treatment or after vulcanisation the central hole created by the filaments of the cord and at least 
partially the gaps between adjacent filaments of the first layer. 

35 6. A composite cord according to anyone of claims 1 to 4, whereby said polymer is present in a sufficient volume to 
fill after a heat treatment or after vulcanisation the central hole created by the filaments of the cord and the gaps 
between adjacent filaments of the first layer and whereby the polymer material has contact with the filaments of 
the second layer which are situated between two filaments of the first layer. 

40 7. a composite cord according to anyone of claims 1 to 6, whereby the polymer of said core has a melting point 
greater than 140 °C. 

8. A composite cord according to claim 7, whereby said polymer core comprises a polyamid filaments. 
45 9. a composite cord according to claim 8, whereby said polyamid is nylon 6 or nylon 6.6. 

10. A composite cord according to claim 7, whereby said polymer core comprises a polyester filaments. 

11. A composite cord according to claim 7, whereby said polymer core comprises a polyethylene filaments. 

50 

1 2. A composite cord according to claim 7, whereby said polymer core comprises super strong polyethylene filaments 
with a tensile strength of more than 2GPa. 

1 3. A composite cord according to claim 1 2, whereby said polyethylene has a macromolecular orientation greater than 
ss 85 %. 

14. A composite cord according to claim 12, whereby said polyethylene has a level of crystallinity greater than 80 %. 
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15. A composite cord according to anyone of claims 2 to 1 4, whereby the number of filaments in the first layer ranges 
from 5 to 7. 

16. A composite cord according to anyone of claims 2 to 1 5, whereby the number of filaments in the second layer is 
s the double of the number of filaments in the first layer. 

17. A composite cord according to anyone of claims 1 to 16, whereby said cord is a wrapless cord. 

18. A composite cord according to anyone of claims 1 to 17, whereby the filaments in the second layer exercise a 
10 force which is directed radially inward. 

15 
20 
25 
30 
35 
40 
45 
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